ABSTRACT
INTRODUCTION
The high nutrient export from the coffee crop and high fertilizer prices have made monitoring of nutritional status by leaf analysis an essential practice to provide more balanced and cost-effective fertilizer recommendations (Bataglia et al., 2004) .
To achieve high yields, adequate fertilizer recommendations should be based mainly on limiting nutrients. Reis Jr et al. (2002) argue that identification of limiting nutrients, usually by soil fertility tests, has been increasingly supported by plant nutritional diagnosis through the Diagnosis and Recommendation Integrated System (DRIS).
DRIS is a method that assesses more accurately nutritional interactions, establishing the order of limiting nutrients, either by deficiency or excess, as well as a relative order of nutrient requirement of the crop (Silva et al., 2003) . The system calculates an index for each nutrient, on the basis of inter-relationships among nutrients and compares them with a high-yield reference population. DRIS indices have the advantage of ranking nutrients in order of importance, from the most deficient up to the excessive (Bataglia et al., 2004) . The system provides a means of identifying nutritional imbalances in order to increase crop yields through a more efficient use of nutrient inputs indicated by the diagnosis (Reis Jr & Monnerat, 2003) .
Variable rate application of fertilizers is closely related to the concepts of precision agriculture, which advocates the differential treatment of selected areas of a production field, based on intra-field crop variability and involves a whole process of investigation and diagnosis (Molin & Menegatti, 2005) .
Thus, fertilizer applications, based on specific plant deficiencies recommended by DRIS, can be optimized by using precision agriculture concepts, information on the spatial distribution of nutrients in the field and improved management practices, resulting in significantly increased profitability for coffee growers.
This study was carried out to evaluate the spatial variability of the nutritional status of two varieties of Arabic coffee, using the Mean Nutritional Balance Index (NBIm) provided by DRIS and its relationship with their respective yields.
MATERIAL AND METHODS
The study was conducted in the "Zona da Mata" Region, Minas Gerais, in the municipality of Reduto, located between 20º 45 '45.4' S latitude and 41º 32' 9.75' W longitude, in two adjacent fields in the same hillside. The fields have been cultivated for five years with Coffea arabica L. variety Catucaí in the lower area of the slope (Field 1) and variety Catuaí in the upper area (Field 2), both at a spacing of 2.0 x 0.6 m.
Soil of both fields are classified as Oxisols with thick humic A horizons (EMBRAPA, 1999) .
We built up a regular grid, totaling 100 sampling points that were georeferenced using a total station, with 50 points in each area. Each sample point consisted of three plants.
Evaluations were carried out during the agricultural year 2007/2008. Leaves from each sampling point were collected in early December 2007 for nutritional status assessment. Leaves from the third and fourth pair of productive branches, in each of the four cardinal directions on each of the three plants at each point, were collected to determine contents of macro (N, P, K, Ca, Mg,S) and micronutrients (Fe, Mn, Cu, Zn and B), according to methodology described by EMBRAPA (1997) .
Production was evaluated in July 2008. Coffee cherries were harvested from the three plants and weighted. Then, a sample of 1.0 kg cherries were separated and dried in an oven at 70 °C to about 12% moisture. The dried coffee was processed and yield was converted to tonnes of processed coffee per hectare, according to Tomaz et al. (2005) .
The DRIS reference population (norm) was taken from the work of Martinez et al. (2004) , who established DRIS norms for different regions of Minas Gerais, including the "Zona da Mata" Region (more precisely, the Manhuaçu region).
Calculation of DRIS indices was based on the general formula proposed by Beaufils (1973) , according to Silva et al. (2003) , Bataglia et al. (2004) and Barbosa et al. (2006) , where for a nutrient Y:
Values of intermediate functions f(Y/X) were calculated using the formula defined by Jones (1981) , and values of the ratio of the two elements were calculated by the formula:
where f(Y/X) is the function of the ratio of the two nutrients Y and X of the sample to be diagnosed; Y/X is the value of the ratio of the two nutrients in the leaves under diagnosis, y/x is the value of the norm (crop of reference), K is an arbitrary constant (10) and S the standard deviation of the ratio in the reference population
The average nutrient balance index (NBIm) for each sample is the average of the absolute values of DRIS indices of each nutrient divided by the number of nutrients involved:
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The values found for DRIS indices, NBIm and yields of both varieties were analyzed by descriptive statistics. To check the candidates for outliers, we analyzed the upper and lower quartiles and data normality was tested by the Shapiro-Wilk's test, at 5% probability level, using the software Statistica 6.0.
The average DRIS indices for nutrients were evaluated according to Wadt (1996) (Table 1) .
NBIm data and yields were analyzed by geostatistics in order to verify the occurrence of spatial dependence, and, if so, to quantify its degree using the fitting of theoretical functions to experimental variogram models, based on the assumption of intrinsic stationarity, by the equation 4: where N (h) is the number of pairs of experimental observations Z (xi), Z (xi + h), separated by a vector h. For the fitting of theoretical models to experimental variograms, nugget effects (C 0 ), sill (C 0 + C 1 ), structural variance (C 1 ) and range (A 0 ) were determined with the GS + software. To select the models, we used the criterion of least squares, selecting the models with the highest R 2 (coefficient of determination), lowest SQR (sum of squared residuals) and highest correlation coefficient obtained by the method of cross validation (Guimarães, 2000) .
The spatial dependence index (SDI) was analyzed by the ratio C 1 /(C 0 + C 1 ) and the intervals proposed by Zimback (2001) , which considers the spatial dependence as weak (SDI <25%), moderate (25% < SDI <75%) and severe (> 75% SDI).
With the spatial dependence confirmed, values of macronutrients and yields of the two coffee varieties were estimated for non-sampled areas and maps of spatial distribution were prepared using ordinary kriging. This geostatistical interpolation uses a linear unbiased estimator with minimum variance and takes into account the spatial variability structure found for the attribute. Table 2 shows the values of dispersion and central tendency of DRIS indices for leaf nutrients, the NBIm and yield of both varieties, after removal of outliers.
RESULTS AND DISCUSSION
The mean and median are very close for the indices of all nutrients, indicating that data are normally distributed and confirmed by the Shapiro-Wilk's test. The exceptions were Mg, S and Cu in variety Catuaí, which did not fit the normal distribution.
According to Wadt (1996) classification, N, P, Ca, Mg, S, Zn and Cu are in equilibrium in both varieties, while the other nutrients are in excess, limiting crop yield. Excessive Fe and Mn were detected in both varieties, with IY values much higher than their respective NBIm, especially Fe in variety Catucaí (40,53). These excesses may be associated with acid soils, either because of their own origin or the continued use of high doses of acidifying nitrogen fertilizers, which would lead to a high availability of Mn and Fe, as these elements are more soluble in acidic pH (Malavolta, 1986; Marschner, 1995) . Carvalho et al. (2005) , in a nutritional diagnosis of coffee plantations in Manhuaçu -MG, also found that Fe and Mn occurred more frequently with more positive indices. Similar results were reported by Barbosa et al. (2006) , studying Arabic coffee in northwestern Rio de Janeiro, where Fe and Mn were the nutrients that occurred with more positive indices, i.e., in excess.
Boron also occurs in excess in both varieties: 12.2 for variety Catucaí and 9.62 for Catuaí. According to Andrade 
Probably deficient
Probably in excess and Ferreira (2004) , the main nutritional imbalances in coffee plantations are caused, among other nutrients, for excessive levels of B.
The NBIm showed significant difference between the crops. Considering that, the lower the NBIm value, the more nutritionally balanced is the crop, variety Catucaí is significantly more unbalanced than Catuaí, which explains the higher yields of this variety.
The NBIm and yield of the two varieties showed spatial dependence ( Table 3 ), indicating that the nutritional balance of the plants varies with the distance between samples, influencing the spatial response of yields. Because ; CV% -coefficient of variation; s -standard deviation; Cs -coefficient of symmetry; Ck -coefficient of kurtosis; * non normal distribution by Shapiro Wilk's test at 5% probability level; ns -normal distribution by Shapiro Wilk's test at 5% probability level.
Attributes
variograms showed well-defined sills, it was assumed, in this case, intrinsic stationarity, since there was no tendency for variation of nutrients and yield with the directions. Both NBIm and yield of variety Catuaí showed greater spatial continuity, demonstrated by the range of spatial dependence, with 73 m for NBIm and 36 m for yield, which were, respectively, four and two times higher than the values found for Catucaí. Thus, it is easier to overcome nutritional imbalances for variety Catuaí, as there are more specific management zones, since NBIm and yield, measured within distances of 73 m and 36 m respectively, are correlated. As expected, the correlation coefficient between yield and NBIm was negative for both varieties, i.e., there is an increase in production when the balance of the crop is higher.
Although significant, variety Catucaí showed low spatial correlation between NBIm and yield (-0.37 ). This result can be explained by the higher variability observed in this variety, suggesting that greater efforts should be directed to overcome this variability, in order to better exploit their productive potential, which, according to Matiello & Almeida (1997) , is similar and in some cases higher than the best Catuaí lines.
CONCLUSIONS
Fe and Mn are in excess, limiting the yield of both varieties, mainly of variety Catucaí, which is more nutritionally imbalanced and, consequently, has lower yield.
The spatial correlation was higher when the spatial variability was lower because of the occurrence of specific management zones.
